Abstract
1 High efficient ethanol and VFAs production from gas fermentation: effect 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 technology not only produces biofuels and valuable chemicals but also contributes to 47 environmental pollution control. Syngas which essentially consists of a mixture of 48 carbon monoxide, hydrogen, and carbon dioxide derived from the gasification of solid 49 fuels (i.e. coal, petroleum coke, and oil shale), and biomass, or reforming of natural gas, 50 and from manufacturing waste gases, particularly from steel production [1, 2] . Syngas 51 platform for biofuels production is a two stage process, where syngas is first produced 52 by gasification and then syngas can be fermented to biofuels. This platform has several 53 advantages over the conventional biochemical methods for biofuel production, such as 54 high specificity of the biocatalyst, and utilization of the whole biomass including lignin 55 [3]. Fermentation of syngas for the production of biofuels can be performed at ambient 56 temperature and pressure and does not require any costly pre-treatment of the feed gas 57 or costly metal catalysts [4] .
58
The most promising bacterial groups for fermenting syngas are acetogens. These 59 unique obligatory anaerobic bacteria have the ability to fix CO 2 using H 2 as an electron 60 donor or CO alone and produce alcohols and organic acids [5] . These microorganisms 61 undergo a set of enzyme catalyzed reactions through an irreversible, non-cyclic pathway 62 known as Wood-Ljungdahl pathway to convert syngas into acetyl-CoA [3] . Acetyl-CoA 63 can subsequently be used for ATP generation needed for microbial biomass building 64 and formation of acetate, ethanol and other byproducts during the later stages of the 4 pathway [6] . Several mesophilic pure cultures especially within the species Clostridium 66 have been used for syngas fermentation [7] . Prominent among these is Clostridium 67 ragsdalei, which has been successfully used for syngas fermentation [8, 9] . However 68 still important challenges need to be addressed before commercial application. Gas-69 iquid mass transfer limitations, syngas quality, microbial catalysts and product recovery 70 are the major issues to be addressed in order to make syngas fermentation more 71 economically feasible [10] .
72
Recently mixed culture fermentation has gained more attention due to several 73 advantages compared to the pure culture, such as process robustness during continuous 74 processes and no need for highly sterile conditions [11] . However, systematic 75 comparison of pure and mixed culture syngas fermentation to alcohols and/or acids, 76 which could permit developing efficient biofuels and biochemicals processes, has not be 77 made so far.
78
In addition to the microbial catalysts, syngas composition in terms of H 2 /CO ratio is 79 also an important factor that significantly affects the output of the syngas fermentation 80 process [12] . It has been recently reported that some Clostridia species could further 81 reduce the volatile fatty acids (VFAs) to their corresponding alcohols by using syngas 82 as electron donor [13] . Thus, it is of importance to investigate the influence of precence 83 of VFAs (e.g., acetate) on the gas fermentation processes [14] .
84
Based on the points highlighted above, the main objective of this study was to identify 85 the optimal conditions (media, gas compositions andmicrobial catalyst) for high 86 efficient alcohol and VFAs production from synthetic gas fermentation. Moreover 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Table   172 2. According to Coma et al.
[18] ΔG is dependent on the concentrations of initial 173 reactants and products through the equation:
Where R is a constant (0.00829kJ/mol*K), T is the absolute temperature (K) and;
176
(2) products under the control (Fig. 2C) , which indicated the importance of having either
245
CO or H 2 as reductant for product formation to occur.
246
The production of ethanol and VFAs using mixed culture was also investigated. The 247 most dominant product in both gas compositions was acetate, while no ethanol was 248 produced under the headspace of CO and SS (Fig. 3) 18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Fig. 4A, B, C) showed that acetate was the most dominant product. The From Eq. (1) and (2) it can be seen that when the initial concentration of a product (in 274 this case acetate) is high, the ΔG for the reaction will decrease. Fig. 4A and B showed 275 that the addition of acetate during pure culture fermentation under headspaces of SS and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Fig. 4C) . According to Eq. (1) and (2) the reduction of acetate to ethanol 317 (reaction 16 in Table 2 ) would also become more favorable with a higher initial 318 concentration of acetate.
319
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